VALIDATION OF HTS HITS AS SETD8 INHIBITORS
Summary of Prior HTS Conditions. S2 Here 0.75 µM (0.15 µCi) [ 3 H-Me]-SAM, 1.5 µM (30 pmol) biotinylated-H4 (10-30 aa) peptide, 1.5 µM for SETD8 and 0.2 mg of scintillation proximity imaging assay beads were used for the HTS screening. 2 For SETD8, the chemical library used for screening contains 5,632 compounds in a 384-well format. "High control" with 1% DMSO (v/v) for no enzymatic inhibition and "low control" with 10 mM of HClO 4 for total inhibition served as the quality controls and were included to measure assay robustness. For the two HTS screenings of SETD8, the readout of "high control" is 192~203 with the standard derivative of 4~5; the readout of "low control" is 66~82 with the standard derivative of 6~7. The percent coefficients of variation for "high" and "low" control of the two HTS assays were 6~7 % and 3%, respectively. The average signal-to-background ratios are 2.5~2.9. The resulting Z' values are 0.74~0.78. With a threshold of 30% inhibition, 18 positive hits were identified with the overall hit rate of 0.32%. Here the high concentration of SETD8 was used to give the desired Z' values for HTS. However, such a condition may miss certain low-affinity inhibitors and may rationalize the low hit rate of 0.32% of the HTS.
Validation of HTS Hits with a Secondary Assay.
The dose response curves of the HTS hits for SETD8 inhibition were determined by a secondary radioactivity filter paper assay as documented previously. S3 Various concentrations of the compounds in DMSO stocks were incubated for 10 min with 2 µM SETD8 in a reaction buffer (50 mM Hepes-HCl (pH = 8.0), Tween-20 0.005% (v/v), 5 μg/mL BSA and 1 mM TCEP) with the final concentrations of 0~200 μM compounds (mixture A). A 20 μL methylation reaction was then carried out by mixing 10 μL of Mixture A with 10 μL of Mixture B containing 50 mM Hepes-HCl (pH = 8.0), Tween-20 0.005% (v/v), 5 μg/mL BSA, 1 mM TCEP, 3 µM of peptide substrates, 1.5 µM of [ 3 H-Me]- SAM and 20% (v/v) DMSO (this DMSO concentration was shown previously not to affect the methylation reaction). S3 The reactions were incubated for a designated period of time and the resulting reaction products were assayed for methylation activity by immobilizing the peptides onto P81 phosphocellulose filter paper, proceeded by washing and finally, quantification with a liquid scintillation counter. S3 Briefly, 6 μL of the methylation reaction mixture was spotted onto
Whatman P-81 phosphocellulose filter paper (1. 
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immersed in 20 mL of 50 mM Na 2 CO 3 /NaHCO 3 buffer (pH = 9.2), and shacked for 10 min/time, the wash step was repeated 5 times. The filter paper was then transferred to a 10 mL scintillation vial containing 500 μL of distilled water followed by addition of 5 mL of Ultima Gold scintillation cocktail (PerkinElmer). β-emission of the immobilized peptides was quantified by a Beckman LS6000IC liquid scintillation counter. The CPM values of the β-emission (Partial)
were plotted as the percent of inhibition relating to the DMSO control (Full) after subtracting background CPM (Background for CPM of nonenzyme control) according to the following Dose Response Curves of SPS8I1-3 against SETD8 C270S Mutant. The dose response curves of SPS8I1~3 against SETD8 C270S mutant were determined similarly as native SETD8 with the secondary radioactivity filter paper assay described above, except that native SETD8 was replaced by SETD8 C270S mutant. Dose Response Curves of SPS8I1-3 against Other PMTs. The filter-paper assay described above was implemented in obtaining the dose response curves of SPS8I1~3 against other PMTs including 5 protein lysine methyltransferases (SETD2, GLP, G9a, SMYD2 and SETD7) and 3 protein arginine methyltransferases (CARM1, PRMT1 and PRMT3). Experiments were run in triplicate with the final concentrations of SPS8I1~3: 0, 0.1, 0.2, 0.5, 1.5, 3, 6, 12.5, 25, 50 and 100 µM. Here the assay format is similar to that of SETD8 with optimized assay parameters (see Table S2 for the optimized assay parameters). Briefly, Mixture A as described above was preincubated with SPS8I1~3 for 10 min, followed by the addition of Mixture B containing 50 GraphPad Prism6 software as described above for SETD8 inhibition.
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SUBSTRATE/SAM-DEPENDENT DOSE RESPONSE CURVES OF SPS8I1~3 AGAINST SETD8
To assess the substrate/SAM dependence of SETD8 inhibition by SPS8I1~3, the dose response 
as described above. It is worth noting that herein less SETD8 and shorter reaction time were applied. These assay parameters are different from those used to validate HTS hits. The current assay parameters allowed the reactions to process in a linear range even with increased concentrations of SAM or substrates. The IC 50 values were plotted as a ratio to those with the lowest concentration of SAM (0.5 µM) or substrate (5 µM).
TIME-DEPENDENT, SLOW-ONSET INACTIVATION OF SETD8 BY SPS8I1~3
Reaction buffer containing 50 mM Hepes-HCl (pH = 8.0), Tween-20 0.005% (v/v), 5 μg/mL BSA, 1 mM TCEP and 50 µM SETD8 was mixed with 100 µM of each inhibitor (SPS8I1~3 with a concentration higher than 20×IC 50 ) or DMSO as a control (10% (v/v) DMSO as the final was spotted onto P81 phosphocellulose filter paper to quench the reaction. After collecting the samples of time progression, the filter paper was processed as described above for the filter paper assay and β-emission of immobilized peptides was quantified by a Beckman LS6000IC liquid scintillation counter. The total progression curves were obtained by plotting the total CPM readouts (after background subtraction at 0 min) as a function of time. The curves were then fit with eq. S1 for a slow-onset mechanism (Fig. S1 ), in which [P] is the concentration of accumulated product as the reaction progresses, V i is the initial velocity, t is the time of progression, and k obs is the rate constant for the fit progression curve. 
DIFFERENTIAL SCANNING FLUORIMETRY ASSAY WITH SYPRO ORGANGE.
Differential Scanning Fluorimetry (DSF) assay was carried out to measure the melting curves of inhibitor-bound SETD8 as previously described for other proteins. S5 Briefly, 2 µM of SETD8 was incubated with 6 µM of SPS8I1~3 or DMSO for 6 h in a buffer containing 50 mM Hepes- (Verity Software House) was used for cell cycle analysis. IC 50 /μM SETD2 GLP G9a SETD8 SMYD2 SETD7 CARM1 PRMT1 PRMT3 SPS8I1 1.5 ± 0.2 > 100 6.5 ± 0.4 0.21 ± 0.03 0.5 ± 0.2 > 100 1.3 ± 0.3 > 100 1.5 ± 0.2 SPS8I2 2.3 ± 0.2 4.7 ± 0.3 3.1 ± 0.2 0.5 ± 0.2 2.0 ± 0.2 >100 1.5 ± 0.2 >100 1.8 ± 0.2 SPS8I3 1.0 ± 0.7 > 100 3.2 ± 0.1 0.7 ± 0.2 3 ± 1 > 100 2 ± 1 > 100 1.1 ± 0.6 
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